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PHUONG PHAP XAC D|NH QUY LUAT PHAN BO
CAC TAP HQP HAT

NGUYEN TRUNG DUNG, NGUYEN PANG BINH THANH, HA TH] AN
I. PAT VAN DE

Céc qué trinh cong nghé ché bién cac vét lidu roi thu(‘mg yéu cau nguyen ligu hodc san
phim phai cé kich thudc hat thich hgp. Céc théng tin chinh xac vé cdu tric va phan b kich
thudc hat ciia mot tap ho‘p hat (THH) s& gidp cho vigc tinh toan, thiét ké, diéu khién qua trinh
van hanh cac thiét bi va day chuyen cong nghé lam viéc vdi cac vat liéu réi mdt cach hiu qua
hon. Trong qua trinh phéan riéng hén hop cac hé khi hay I6ng khong ddng nhét thi phan b kich
thude hat, duomg kinh trung binh ctia hat, d x6p 1a cac thong sb quan trong de tinh toan. D6i
v6i qua trinh trao ddi nhiét, chuyén khdi trong cac 16p hat nhu qua trinh siy, quéa trinh hoa
tach,... thi bé mat riéng cia tdp hop hat lai la théng sb chinh.

Da tir 1au ngudi ta da xac dinh cac quy luat phan bd THH va md ta két qua trén cc dd thi
khac nhau. Viéc 1am d6 cén nhiéu thoi gian va thit ra khéng dugce chinh xac. Hon thé nira, &
nuréce ta phirong tién mo ta két qua bang dd thi néi trén ciing khong ¢ sdn. Vi vy, viéc dua ra
phuong phép xic dinh cic md ta toan hoc tuomg minh md ta mot THH bét ki 13 rit cén thiét
trong tinh toan cac qua trinh cdng nghé khac nhau.

» IL LI THUYET

Co s cia vige xic dinh quy ludt phan bd THH 1a két qua cia cic phép thyc nghi¢m
phuong phap phén tich THH khac nhau nhu: Phén tich bang rdy, phén tich bang sa lang, phén
tich nhi€u xa laser,. ..

Trong phuong phép phan tich bing ray, goi:
- Kich thuée 16 ray: d -
- Khéi lugng con lai trén ray thir i: AM I

- Khbi lugng con lai twong dbi trén ray thir i s& [a: i.; ta cé cac dinh nghia sau diy:

+ Mat d6 phén bd cuia 1ép hat thir i:

Vi = | (1)

MAd,
+ Mit d6 phan bé ciia mi hat bét ki:
y, =—24__. @
Mdld,)

+ Téng phan bb cua rdy thir n:
> (am,)
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Néu hé théng ray 1a nhiéu vé han thi c6 thé chuyén téng (3) thanh tich phan:

M, _“taM _ "t dM.

e _ 82 __ (4)
M M M

d

+ Tir d6 ta c6 mbi quan hé sau diy dé x4c dinh mat d3 phén bé:

Yy = ——d(d—pr; (5)

+ B& mit riéng cha 16p hat:

A _S j.y_”_d(dp); (6)
M P %
+ Pudng kinh hinh céu twong duong:
d,, Z ; (N
o
M

Trén thyc té, khdng thé c6 mot quy lust phan bé nao phit hgp cho tét ca cac hé vat liéu phan
tan (cac THH). Cac- he; vit liéu do thuo’ng bao gom céc hat dugc hinh thanh tir nhidu ngudn gbe
khic nhau: Hat ngu cbe duge phat trién mot cich ty nhién; hat dwoc sinh ra tir cac qua trinh dap
nghién, cic qua trinh két tinh hoic thing hoa, tir cic qua trinh phat sinh bui,.. .déu c6 nhimg dgc
trung riéng. Theo [1 - 6] phin bb kich thuéc cia mét THH bat ki nao dé déu co thé duge biéu
di&n di chinh x4c theo 1 trong 4 quy luit phén bd dién hinh sau day:

‘.
1. Phén bd chuin Gauss
2 £ M “
Téng phan bé: bl B J}’Hd(dp); (&
M dye
d —-d
exp[“ m( 2 5 ;m” J
Kea
Mit d6 phén bé: = ; )
Vi e
2. Phén bb chufin Logarit
2 X M “
Tong phin bo: ] MR = —d “Ij”d(dP); (10)
2
d
exp[ [log d—‘"J /2.0'2}
Mat d5 phin bé: Yy = - ; (an
577240,

3. Phan b6 ham s6 mii kép RRSB
Téng phén bb:
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My _ exp; — d—p) ’ (12)
M P
d n- [‘ d n
M3t d6 phén bd: Yy = _P} exp _[_PJ ; (13)
d.n dp d.ﬂ
4. Phan b6 ham s6 mi GGS
Phén bé tbng: Me 1 —( % J 5 (14)
M d .
-1 B
Mit d5 phan bé: Yy = [ 4, J . (15)
 pnen \ Ay

M&i quy ludt phan b6 néu trén déu chira 2 théng s6 dic trung 1 “Théng s6 kich thude hat”
va “Théng sé mirc d6 déng déu” (bang 1).

Bang 1. Cac thong sb dic trung cua timg loai phan b

STT | Guy lu;“ﬁ“g b “Kich thwéc hat” “Dj rjng ciia phan b THH”
1 E}fm bd chuin a_’p_ kich thudc hat trung binh | P8 léch chuén o
F_‘Z Phﬁﬁ_é_@ ‘LL kich thudc hat trung bink | B8 1éch chuén Ty
3 Phan bé RRSB d - Théng sb kich thuréc hat n
4 | Phanbb GGS gL - Kich thuéc hat Iém nhit | m

5. Cac thdng s6 diic trung ciia timg logi phan b

Vién dé 1a béng cach nao dé blet dugc kich thuéce hat cia mot THH nao d6 s& tudn theo quy.
luat phan bd xac suét nao trong sd 4 quy ludt & trén? bé giai quyét vin dé, trucce het phai tién
hanh thi nghi¢m phan tich THH dé c6 duoc bQ s6 liéu xdy dung dudomg cong phén b6 tdng cta

THH, tirc 13 dudmg cong biéu dién quan hé —A}_ = fld ( p).

1II. KET QUA NGHIEN CUU VA UNG DUNG

1. Thujt todnr xdc dinh cfu triic THH

Truge ddy, dé xac dinh _mot tdp hop hat nao doé tuan theo quy lut phin bd nao, ngudi ta
phai tién hanh vé& trén cic gidy chuyén dung, do d6, mat rat nhiéu thdi g:an cdng sirc nhung d§
chinh xdac lai khong cao. Gan ddy, mét sb téc gia d4 dé cip dén thuit todn xic dinh quy luit phan
b6 cia THH nhung chura cy thé hoa bing mét chuorng trinh dé c6 thé siy dung rqng rai. Dya trén
co 5O cdc m ta todn hoc cia 4 quy ludt phén b néu trén, va khai thac phan mém MATLARB, &
day da xdy dlmg duoc chuong trinh tinh toan nhim xir Ii cac két qua thyre nghiém, xac dinh mé
ta toan hoc vé phan bd theo kich thudc ciia mdt THH bét ki (so db thuat toén).
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2. Ung dung két qué vio bai toan thyc

a. Két qua ciia bai todn trén co so phép phan tich rdy

THUAT TOAN XAC DINH CAU TRUC TAP HOP HAT

Khéi lugng trén ray thi i: AM;

Khéi lugng téng M

! Kich thuée 13 ray d

Nhap cac s6 liéu thuc nghiém - \ Khoi luong riéng hat

SO6rayn

1
[}
* ]
l :
1
i
h

Xac dinh Tong khéi lwgng turong dbi theo thuc nghiém (Mg/M)o

l

Xac dinh Téng khcf)i lrgmg tuong dbi theo cac phin bd chuin
Gauss, chuan Logarit, RRSB va GGS (Mr/M);

Xac dinh sai s6 giita phan bé chuén va thuc nghiém SS = [(Mp/M)o-(M/M)]*

Xéc dinh sai sb nho nhét

80

D6 thi du‘omg cong phén bd tap hop hat.
Cac thong s0 co ban cia THH nhu kich thude trung binh d,b, dién
tich bé mét lop hat A, , .....

Két thic chwong trinh




Tép hop hat Sam6t nghién dugc tién hanh phén tich bing hé théng ray phan tich.

Khéi luo‘ng~m§u M = 0,5 kg dugc dua vao riy trén cing cia may lic ray phén tich gbm 8
rdy; kich thuée 16 céac ray dugce ghi & ¢t 2 (bang 2). Sau khi rdy xong, phan khoi lugng con lai
trén cac rdy tuong ing 14 AM,,AM,,...,AM, va & ddy riy 12 AM, (bang 2). Dé nhdn dugc cic
gia tri doc lap véi khoi luong duge gilt lai trén céc rdy ta chia AM, cho téng khéi lugng M;

Khéi lugng con lai twong d8i trén cc riy duge bidu din bing M= . Két qua phén tich tip hop
M

hat dugc trinh bay & bang 2.

Bdng 2. Két qua thi nghiém phén tich bing rdy

Khoi ok z . Loz
Kich Khéi lwgng Xidc sua‘t. Tong khoi | Xac sua‘t.
£ n . A A * Sz, | tuong doi hrong trong doi
So ray thwéc 10 | lwgng trén | twong doi LT Y Sk .,
n N . A on cua lop twong doi | ciia kich
ray ray thir i trén ray h oA \
P at trén ray thwréce hat
thiri
i d,(mm) | AM,(kg) | AM,/M() |y, (/mm) | M /M) |y, (/mm)
1 0,710 0,0139 0,0278 - 0,0278 0,282
2 6,500 0,0711 0,1422 0,677 0,1700 1,210
3 0,355 0,1201 0,2402 1,657 0,4102 2,067
4 0,250 0,1167 0,2334 2,222 0,6436 2,277
L 4 5 0,180 0,0763 06,1526 2,180 0,7962 2,024
6 0,125 0,0500 0,1000 1,818 0,8962 1,578
7 0,071 0,0346 0,0692 1,282 0,9654 0,961
8 0,045 0,0103 0,0206 0,792 0,9860 0,620
Tém day 0 0,0070 0,0140 0,311 1,0 0
Téng 0,5000 1,0000

Trén co s& khai thac phin mém MATLAB va sir dung so d6 thuat toan di xay dyng & trén,
xtr li cAc s6 ligu thyc nghiém da c6, thu dugce két qua sau:

1. Tap hop hat Samét nghién tuén theo quy luét phén bé RRSB véi:

o

o D% rong cha phén bo: n = 2,0075.
Thong s6 kich thude hat: d, = 0,376(mm).

Ham phén b6 tong (hinh 1):

Ham mét d6 phan bd (hinh 2): , - 5,339[

Mp _ expl -
=P

k]

. Cac gia tri ddc trung cia tap hgp hat la:

2.0075
d, .
0,376
d 1,0075 d. 2,0075
03‘:]6] P _(0 37 J '
376
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e Dién tich bé miit riéng cua tdp hop hat:

2
4, =131095 2
kg

* Dudng kinh hinh cdu twong duong: dy, = 0,2288(mm).

Phin bé tong [%]

1 T T T T T T
08 , 4
o8l s .............. [ . B : .
: ©  Biém phin ba thyee nzhigm
(] N TP TP - S AN Pwang cong phin ba tong _
0 i
0 01 02 03 04 a5 a6 07 0B

Kich thuec hat dp[mm]

Hinh I, Budmg cong phin bb téng tap hop hat Samét ghién

25 T T T

T T T T

Buimg cong phan bd I thuveér
o Biém phin bé thee nghism

n

Mat 46 phin b yH[1#mm]

0.5

o i i L 1 i i L

o o1 02 03 04 05 06 or
Kich thuoc hat dp|mm}

Hinh 2. Buémg cong mat do phén b tip hop hat Samdt ghién
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b. Két qua bai todn trén co s6 phép phdn tich nhiéu xa Laser

Trong qué trinh phan riéng huyén phil cao lanh bang Cyclon thuy lue, ngudi ta cin biét quy
lnat phan bb kich thude hat cia mau THH cia dong di vao va dong di ra khoi Cyclon dé xac
dinh kha ning phén riéng cla thiét bj. Déng thoi, xdc dinh cac thong sé dac trung cia THH dé
tinh todn cac qua trinh cong nghé tiép theo trong ki thudt san xuat gbm. $6 li¢u vé kich thude
THH cao lanh di vao Cyclon thuy liyc nhan duge bing phuong phap nhiéu xa laser duoc ghi &
bang 3.

Bang 3. Két qua phan tich bing nhidu xa Laser miu huyén phu cao lanh vao Cyclon

Pudmg | Téng con lai Puing Téng con lai Lt Téng con lai
kinh d tirong dbi kinh d twong dbi Du'o?g_, k;nh d twong dbi
(,U"T) My /M (m) My/M al My /M
12,2 0 3 14,45 0,74 83,51
10,2 0,1 2.5 19,88 0,62 88,51
8.6 0,31 2,1 27,74 0,52 92,83
7,2 0,85 1,8 39,05 0,44 96,02
6 2,02 i 1,5 49,19 0,36 08.06
5 3,65 1,2 57,93 0.3 99,25
4,2 6,26 1 67,36 0,26 99.8

3,6 10,09 0,86 76,16 0,22 100

Nhap céc sb liéu thire nghiém vao chuong trinh, ta c6 cac két luan nhu sau:
Tép hop hat cao lanh trong huyén phii di vao Cyclon thuy lyc tudn theo quy ludt phan bd

rR&sB.

e Ham phan bé tdng (hinh 3):

DB~

Poin b3 toe %]
s = = =
5 & = ®
— i

i
(L oons

[ 0.8
s 1husoc bt dpfmem]

Hinh 3. Pudmg cong phin b téng ciia THH cao lanh vao Cyclon

e Ham mit dé phan bd (hinh 4):

83



1,033 2,1033
| y, =618,61 2 .exp: — il .
0,0034 0,0034

L
| ‘ S .
Doy cong phan bo by thuyet
©  Dum phan bo thue nghwm
ot S T
Fmf 4
E
i
¥
*t
wpkd 4
obl
a i I L 1
o 00m oo 0K [ no 0o oo

Koch thuoc v dpjmem]

Hinh 4. Dudmg cong mét df phén b6 ciia THH cao lanh vio Cyclon
1. Cac thiong sb dac trung ciia THH la:
o Mirc d6 dong déu: n = 2,1033
o Théng s kich thuée hat: d;, = 0,0034(mm)

" . A ' n o n z
e Dién tich bé mit riéng cua tdp hop hat: A, =13293. 103( ':_g ] . ¢

» Dudng kinh tuong duong: d,, = 0,0017(mm).

IV. KET LUAN

Di tong quan Ii thuyét vé cdu triic THH, cac quy luft phan bd dic biét cia THH va céc
thong s6 dac trung cia timg loai hinh phén bé.

Di khai thac phin mém MATLAB dé xay dung dugc chuong trinh xdc dink quy ludt phén
bé ctia THH hé da phdn tan bdr ki dudi dang cdc mé ta toan hoc tudmg minh, tir d6 xac dinh
duge cac thong s6 dic trung cta chiing.

bi img dyng chuong:trinh dé xac dinh quy ludt phén bd cia tap hgp hat Samdt nghién va
tap hgp hat cao lanh vao thiét bi cyclon thuy lyc. Két qua cho thy: Ca 2 tap hop hat tuén theo
quy ludt phén bd RRSB, va ciing d3 xac dinh dugc cac dic trung ciia cac tip hgp hat dé.

Két qua thu dugc di chimg minh: Phuong phép c6 thé ap dung rong rai dé xac dinh quy
luit phan bd va cac thong s6 dac trung clia mdt THH bat ki trong cac qua trinh ¢ cong nghé lién

quan dén THH.

Lé&i cdm on. Céng trinh do Chwong trinh Khoa hgc co ban Nha nworc tai trg.
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SUMMARY

A METHOD ON DETERMINING PARTICLE SIZE DISTRIBUTIONS

Particle size distribution (PSD) is an important parameter, when dealing with solid
processing as well as other processes in chemical engineering. When the PSD function of a
certain particle set is known, other structural parameters of a set of particles can be determined,
especially, mean diameter d,, , bed porosity £, specific surface area A, , etc. These factors are
very necessary to deal with processes as filtration, drying, adsorption, flotation, dissolution,
$rystallization, etc. By means of analysis of particles sets and using Matlab software, this paper
presents a method of determining PSD of a dispersed system. This is a high accurate and time-
saved method. '

Dija chi: Nhdn bai ngay 6 thdang 5 ndm 2006
Khoa Héa, Triromg Pai hoc Bach khoa Ha Néi.
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